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INTRODUCTION
Knowledge of the peak flow of floods of a given recurrence interval is essential for regulation and planning of water resources and bridge, culvert, and dam design along Minnesota's rivers and streams. Techniques are needed to estimate peak flow at ungaged sites because long-term streamflow records are available at relatively few places.
This report is one of a series of reports prepared in cooperation with the Minnesota Department of Transportation that discuss peak-flow frequency on small streams. This report supersedes previous reports by Prior (1949) , Prior and Hess (1961) , Wiitala (1965) , Patterson and Gamble (1968) , Guetzkow (1977) , and Jacques and Lorenz (1987) ; all of which dealt with techniques for estimating peak flow in Minnesota. Analysis of annual peakflow records for the first of these reports that employed the Log Pearson Type III method of analysis (Guetzkow, 1977) may not have included historical flood information in the analysis, and the period of record for many small streams was very short from the standpoint of flood history. Most of the long-term record stations included the low annual peaks from the 1930's drought and high annual peaks during the 1950's and 1960's.
Historical flood information was incorporated in the analysis done by Jacques and Lorenz (1987) . Jacques and Lorenz (1987) also used fewer regions than Guetzkow (1977) , which resulted in larger standard errors of estimate for the regional equations.
Background
Continuous daily records for streamflow gaging stations in Minnesota span a relatively short time period. The longest record is for the Mississippi River at St. Paul, which is continuous from 1867 to present, except for 1871. Gaging of several streams to obtain daily streamflow records was started about 1909. The number of streamflow gaging stations decreased between 1912 and 1920. During the late 1920's and early 1930's, the number of streamflow gaging stations increased. Many of those streamflow gaging stations presently are in operation. Over the years, streamflow gaging stations were added where flow information was needed, and other stations were discontinued where additional data were not needed. Streamflow gaging stations operated to obtain daily records generally are located on streams that drain areas /ĝ reater than 300 mi and flow continuously.
In the 1950's, planners for the interstate highway system learned that little information was available about peak flow on small streams. This information was needed for determining the necessary size of bridges and culverts at road crossings. As a result of this need, small-stream flood investigation projects were initiated nationwide. The program in Minnesota began in 1958 and over the next 6 years about 150 streamflow gaging stations were established to determine annual peak flow and stage on streams draining about 60 mi2 or less. Most of those stations were operated through the 1970's. In the 1980's, gaging for annual peak flow and stage for most of the drainage basins of less than 10 mi2 was discontinued. Some new peak-flow gaging stations recently were established on streams draining areas from 10 mi2 to several hundred square miles.
Purpose and scope
This report (1) documents the analytical techniques used for annual series peak-flowfrequency computations, basin characterization, regionalization, and development of equations for estimating peak flow on small drainage basins; (2) presents peak-flow data and basin characteristics at streamflow gaging stations; and (3) discusses techniques for estimating peak flow at ungaged sites on small, unregulated streams in Minnesota.
Streamflow gaging stations on the Red Lake, Minnesota, Mississippi, Rainy, St. Louis, and Red River of the North Rivers that have drainage areas <>\ *-* greater than 5,000 mi , were not included in this analysis. Other streamflow gaging stations that were not included in this analysis had peak flows that were affected by controlled storage or regulated releases.
ANALYTICAL TECHNIQUES
This section describes the analytical techniques and adjustments to analyses that were required to develop the techniques for estimating the peak flow on small streams. It also presents preliminary computations required for regression analysis.
Frequency analysis of annual peak flow data at streamflow gaging stations An annual series peak-flow-frequency analysis at each streamflow gaging station ( fig. 1 ) was prepared according to the procedures outlined in Bulletin 17B (U.S. Water Resources Council, 1982) .
Many more streamflow gaging stations that have at least 25 years of record are available now than when the skew map of Bulletin 17B (U.S. Water Resources Council, 1982) was developed. Therefore, before computations of peak-flow frequency were begun, stations with 25 or more years of record in and near Minnesota were analyzed to determine the station skew coefficient and an updated generalized skew coefficient map was prepared and published (Lorenz, 1997) . The resultant generalized skew coefficients were used in the Log-Pearson Type III peak-flow-frequency analysis used for this report.
Treatment of discontinuous periods of record (also called broken record) and the occurrence of large floods either within or outside the period of record, and considered "historic", are described below.
1. Where the record is not continuous and there is no indication of a historic flood, the record has been treated as though it was a continuous homogeneous record.
2. Where the flow of a large flood that occurred several years before the start of the record of annual peak flows is known, and that flood flow has not been exceeded, a historic period extending from the year of the large flood to 1995, or to the end of annual peak data, was used in the peak-flow frequency computation. For some streams where the record ended prior to 1995, and the large, historic flood flow has not been exceeded since the end of the record, the historic period was extended to 1995, if that extension improved the agreement between the observed peaks and the peak-flowfrequency analysis.
contained a high outlier, as defined by U.S. Water Resources Council, 1982 . If possible, that result was compared to peak-flow frequency analysis of nearby stations to support the valid use of the historic period.
4. Where the record was continuous for at least 50 years and there was a very large flood flow in the record, and there was evidence of a large regional flood outside of the period of record, the record was analyzed with and without use of a historic period. The results of both analyses were compared to the station data and the peak-flow frequency analysis of nearby stations, if possible. The analysis using the historic period was used if the comparison justified it.
The peak-flow frequency computations for streamflow gaging stations outside of Minnesota were obtained from a U.S. Gelogical Survey (USGS) office of the given state. The peak-flow frequency computations are listed table 1 (in the Supplemental Information at the end of this report).
Estimating basin characteristics
Fourteen reports published by the USGS describe basin characteristics for gaged streams in the Minnesota and Crow River Basins (southern part of Minnesota). These reports list the drainage area, percent of the drainage area covered by lakes, percent drainage area covered by lakes and wetlands (storage), main-channel length, and mainchannel slope.
For other gaged streams in Minnesota, drainage area boundaries were delineated on the basis of topographic contours and anthropogenic alterations to the landscape. Those alterations, such as the installation of storm sewers, the drainage of wetlands, and the diversion of streams can change the drainage area of a stream. Drainage basin delineation was done by the USGS, the Minnesota Department of Natural Resources Division of Waters, and Mankato State University Water Resources Center. Drainage area boundaries were drawn on USGS 1:24,000 topographic maps. The drainage area boundaries were digitized or scanned by the Minnesota Department of Natural Resources, Minnesota State Planning Land Management Information Center, Mankato State University, and the USGS and transferred to a geographic information system (GIS). The Canada Centre For Mapping, Department of Energy, Mines and Resources Canada 1:50,000 topographic maps were used to obtain subbasin boundaries, mainchannel length, contour elevation points, area of lakes, and area of wetlands within Canada. Lake and wetland data were obtained from the U.S. Fish and Wildlife Service National Wetlands Inventory (NWI). NWI data were extracted for each gaging station to identify the percentage of lake and percentage of storage (lake and wetland) area in the basin represented by each streamflow gaging station. The total area of lakes and wetlands in the basin represented by each streamflow gaging station was calculated using the GIS.
Main channels were defined from Basemap '97 (Minnesota Department of Transportation, 1997) . Basemap '97 is a basic core of geographic data that cover the state of Minnesota. Extensions to the main channel through lakes and from the end of the mapped stream line to an endpoint within the drainage basin, generally at the divide, were added to the Basemap '97 data.
Elevations of intersections of topographic contour lines and main channels were digitized using the GIS. Two points on the main channel, at 10 percent and at 85 percent of the main-channel length from the streamflow gaging station to the endpoint of the extension, were located by the GIS. The elevations of these two points were interpolated from digitized elevation data. Mainchannel slope was calculated by dividing the difference in elevation between those points by the distance along the main channel between those points.
The generalized runoff was based on the map of Gebert and others (1985) (fig. 2 ). The value of the generalized runoff for the basin was determined from the streamflow gaging station location using the surface interpolation function by Akima (1978) . The basin characteristics are listed in table 2 (in the Supplemental Information section at the end of this report).
Regression analysis
Tasker and others (1986) described the use of the generalized least squares (GLS) technique to estimate 100-year peak flow for an area in Arizona. They showed that the technique provided better estimates than the ordinary least squares technique. The GLS technique accounts for cross-correlated peak-flow data between stations having concurrent record. It also accounts for variance in estimated peak flow at each streamflow gaging station because of the difference in record length. Cross correlation is the correlation between peak flow at two different streamflow gaging stations as a result of similar weather patterns affecting those stations. In ordinary least squares regression, crosscorrelated peak-flow data decrease the effective amount of information in an analysis and can contribute to errors in predictive precision (model error) and errors in determination of the coefficients of the independent variables (Stedinger and Tasker, 1985) .
The GLS technique requires a reasonable estimate of the cross correlation between flows at every pair of stations (Tasker and Stedinger, 1989 ). An estimate based on the measured flows is not reliable because of the short concurrent records usually encountered in peak-flow data. Therefore, sample cross correlations are estimated by relating the distance between each pair of stations to the correlation between peak flows. Stations with at least 25 years of record were selected for the analysis of cross correlation and distance. From these stations, there were 9,735 pairs of correlations where there were at least 25 years of concurrent record. These 9,735 data pairs were reduced to 152 using the following two steps. First, the data were sorted by distance. Second, the mean distance and mean correlation, both weighted by concurrent record length, were computed for each sequential group of 64 data points. These 152 pairs of reduced data were used in a nonlinear regression analysis to relate cross correlation to distance. These data are shown in figure 3. These data summarize the trend of the entire data set, but do not represent the true scatter of the original data. The nonlinear regression equation relating cross correlation to distance is as follows: y) =0. 6314 -0.4062 * atan (dist (i,j) 792.27), where p(i,j) = the estimated cross correlation between stations i and j, atan(x) = the arctangent of x, and dist(z'J) = the distance, in miles, between stations i and;. The equation is valid for i not equal toj\ for / equal toj, the cross correlation is 1.
Step-backward selection is used for selecting variables in the regression models. The selection process begins by calculating statistics for all independent variables. Then variables are deleted from the model if the coefficient has the incorrect sign or if the T-score is less than 1.7. At each step, the variable having the lowest T-score is deleted.
Regional analysis
The regions for estimating peak flow shown on figure 1 were modified from those in Jacques and Lorenz (1987) . The regions defined in that report formed the basis for formation of new regions described in this report. Regional regression equations were developed for the regions defined by Jacques and Lorenz (1987) . The residuals of peak-flow values associated with the regressions were examined in a two-step process. In the first step, the residuals from each regional regression were examined for a subregional pattern. If a subregional pattern was evident, that subregion was removed from the original region. In the second step, the residuals were examined to verify a normal, homoscedastic distribution. If the residuals were approximately normally distributed and homoscedastic, the region was accepted; otherwise, the region was subdivided again and the second step was repeated from this two-step process, two new regions, E and F, were identified and regions B and C were slightly modified. The average standard error of the estimate (SEE), discussed in the Accuracy and Limitations of the Estimating Techniques section, decreased from 51 percent for old region D to an average 47 percent for new regions D, E, and F.
Regional boundaries are shown on figure 1. Table 3 includes the number of streamflow gaging stations in each region. The regional boundaries follow drainage divides so that the drainage basin of a small stream will not overlap two regions, making interpretation easier for all small streams.
TECHNIQUES FOR ESTIMATING PEAK FLOW ON SMALL STREAMS IN MINNESOTA
This section presents two statistically-derived techniques for estimating peak flows on small, ungaged streams in Minnesota. Both of the techniques relate physical and climatic characteristics to peak flows for 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals. 
Regional regression equation technique
Regression equations were developed for each recurrence interval and for each region shown on figure 1. Table 3 presents those equations, the SEE and the equivalent years of record discussed in the Accuracy and Limitations of the Estimating Techniques section. The SEE is included for comparison to previous regional regression equations.
Region of influence regression technique
The fundamental premise of the region of influence regression (ROI) technique is that there is no need for distinct boundaries between regions (Burn, 1990) . Each region is defined by selecting streamflow gaging stations with characteristics that are similar to the site of interest. Thus, the ROI technique allows use of a potentially unique set of streamflow gaging stations for each site of interest. Two methods are available for this technique. The similarity method selects streamflow gaging stations that have similar characteristics (variables). The proximity method selects streamflow gaging stations that are nearby.
The ROI technique requires the selection of a distance metric defining the similarity of each streamflow gaging station to the site of interest. Similarity is defined in terms of shortest distance. An appropriate metric is the weighted Euclidean distance in M-dimensional space (Burn, 1990) . The distance metric is defined:
where closest to the site of interest to represent the region. For this study, slope, percent storage, percent lake area, and generalized runoff were used to define the region of influence for the similarity method. These variables vary regionally across Minnesota to a certain extent. Drainage area is not included in the selection variables because the correlation between drainage area, slope, percent storage and percent lakes does restrict the range of drainage basin areas when the other variables are included.
An alternative to the similarity method is the proximity method, in which the distance metric is defined as the actual distance, in miles for example, between the site of interest and streamflow gaging stations. In the proximity method, the weight of variables is not considered. This method assumes that the region of influence is determined from a gradient of climatic and physiographic factors that are best represented by location and that those factors are not necessarily limited to the independent variables selected for this analysis.
The trade-off between the similarity method and the proximity method is in the cross correlation between the streamflow gaging stations selected in the region of influence. Stations selected using the proximity method probably will have a higher cross correlation than stations selected using the similarity method. The higher cross correlation reduces the effective amount of information for the region and can make the regression equations appear more accurate than they are when comparing predicted and measured peak flows. The average cross-correlation coefficient was 0.09 for the similarity method and 0.13 for the proximity method in Minnesota. These average cross-correlation coefficient values for the two methods were not substantially different.
Comparison of regional regression equation and region of influence regression techniques
One method for comparing the regional regression equation technique and the region of influence regression technique is to use the PRESS/n statistic, which is the mean Prediction Error Sum of Squares. The PRESS/n statistic is determined by removing each site (of n sites) from the analysis, re-developing the prediction equations, and comparing the predicted peak-flow value to the measured value for that site in a region. The differences between the predicted and measured values are squared and the mean for all sites is computed. That way, n analyses are made without the predicted site being included. It is a reasonably unbiased comparison if the sites are not highly cross correlated. Table 4 is a listing of the PRESS/n statistics for each region and recurrence interval. The minimum mean PRESS/n statistic indicates the preferred technique for each region. However, for region C, because the difference between the PRESS/n for the regional regression equation and the proximity method of ROI is only 0.0001 and the individual PRESS/n statistics for each recurrence interval greater than 5 years is less for the regional regression equation; that technique is preferred for that region. For the other regions, the proximity method is preferred for region B, the similarity method for regions A and D, the regional regression equations for regions E and F.
Regional regression appears strongly preferable for region E because the mean PRESS/n statistics for the ROI methods are so much higher than those for the regional regression equation. For the other regions, all methods might be given some consideration in evaluating the peak flow for a given recurrence interval.
Software
A software packet is included with this report. It is a 3.5-inch floppy disk that contains the program and data files to run the regional regression equations and the region of influence regression techniques. The program is for use on an MSDOS operating system (version 3.0 or higher) and requires a math co-processor.
The software can be installed on any computer system using the MSDOS operating system. The steps for installing the software are as follows.
1. Open a MSDOS window if using any window system.
2. Insert the floppy disk into drive a:.
3. Type "a:install c:\peakflow", where c:\peakflow is the desired directory to install the software.
4. Two versions of the executable are included. The version called pfl6.exe will run on any MSDOS computer. The version called pf32.exe will only run on a computer that supports a 32-bit operating system (Windows 95 or newer).
5. To run the program, change directory to c:\peakflow and type pf32 or pf!6,whichever is appropriate for the system.
The program requires the user to enter an output file name; select a technique, either RRE for regional regression equations or ROI for region of influence regression; enter a site identifier; and enter the necessary basin characteristics. For the RRE technique, only those basin characteristics necessary for the equation are entered. For the ROI technique, drainage area, main-channel slope, area of storage, area of lakes, and generalized runoff must be entered. For the ROI technique, the user must specify a selection method, usually P for proximity or S for similarity. Multiple analyses for any number of stations or techniques can be performed during a single session.
An example of the dialogue from the program is shown in the Supplemental Information section, with informative messages in normal font, program prompts in italics, and user input in bold. The dialogue includes an example of both the RRE and ROI techniques, and the similarity and proximity method for the ROI technique. The method of selecting stations by list is not shown in the dialogue because it is a specialized method and should be used only when the user does not get a satisfactory result from the ROI technique (see discussion of output) and the user elects not to use the regional regression equation. The list method is used by selecting G as the option for selecting stations, then entering the number of stations to use and the eight-digit station number for each station, one to a line.
The example site is Judicial Ditch 11 in Sibley County, at the crossing of County Road 51, 3 miles south of Buffalo Lake. The relevant basin characteristics are:
Drainage area: 15.0 mi2 , Main-channel slope: 2.6 ft/mi, Storage: 0.0 percent, Lake area: 0.0 percent, Generalized runoff: 4.0 in./yr, Latitude: 44° 41'22", and Longitude: 94° 37'10".
The example site is in region D, where the recommended technique is ROI using the similarity method. RRE and ROI using the proximity method are also shown as an example. .0402
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The dialogue lists the peak flow, standard error of prediction (SEP) (discussed in the Accuracy and Limitations of Estimating Techniques section), equivalent years of record, and the lower and upper flow values of the 90-percent prediction interval. The SEP for the RRE will always be equal to or larger than the value of the SEE in table 3.
The output file from the regional regression equation technique reiterates the screen output and is not shown in this report. The output from the region of influence regression technique contains additional diagnostics about the regressions. A section of the output file is shown in the Supplemental Information section. The basic form of the output is repeated for each recurrence interval.
The output file presents information about the regression analysis. First, the results of the stepbackward selection of independent variables are shown. Second, the residuals and influence statistics are listed. Third, the estimated peak flow and statistics are shown.
The output from the step-backward selection process shows the coefficients and their statistics, the variable to be deleted, and the reason for deletion for each of the steps. If the variable is forced out of the analysis, the coefficients and statistics are not shown.
The residuals and influence list includes the stations used in the analysis, the base-10 logarithm of the observed peak, the base-10 logarithm of the predicted peak, the studentized residual, the leverage, and Cook's D for each station. The studentized residual is the computed residual divided by the estimated standard deviation of that residual. Leverage is a measure of the distance from the observation to the mean of all observations. The leverage statistic can identify stations that are potentially influential because of their location in independent-variable space. Cook's D is a measure of influence that uses the studentized residual and leverage. Cook's D reveals which observations are influential in affecting the coefficients of the regression equation. Stations with values of the studentized residual, leverage, and Cook's D that are substantially larger than any other of the respective values could be considered for deletion. If basin characteristics of a particular station are substantially different from the remaining stations and the site in question, it could be deleted from the analysis and the remaining stations used in the ROI technique, using the list method.
Two statistics are printed at the bottom of the list. They are the mean sampling error variance and the mean model error variance. The mean sampling error variance is the portion of the average prediction error that is caused by estimation errors in the regression coefficients as opposed to the model error. The mean model error variance is the error caused by an imperfect model (lack of fit). The sum of these numbers is the mean prediction error variance. Hodge and Tasker (1995) describe the development of these statistics.
The predicted peak flow and statistics reiterate the information shown on the screen. The statistics include the percent standard error of prediction, the equivalent years of record, and the upper and lower 90-percent prediction interval. These statistics are explained in the Accuracy and Limitations of the Estimating Techniques section. The output on the screen will include a caution statement if the predicted value for a peak is smaller than the predicted value for a shorter recurrence interval.
The program will make a second pass through all regressions to construct a set of equations for estimating peak-flow that are based on a consistent set of independent variables. Independent variables that are used in at least three of the peak-flow estimates are included in that consistent set. Predicted peak flows based on a consistent set of independent variables may be desirable in all cases and should eliminate the occurrence of smaller predicted values at longer recurrence intervals.
ACCURACY AND LIMITATIONS OF THE ESTIMATING TECHNIQUES
The accuracy of a statistically derived equation is measured by the closeness of the estimated value to the true value. Regression analyses give an unbiased estimate of the true value and statistics to assess the accuracy of the estimate.
The standard error of the estimate (SEE) is a measure of the fit of the observed data about the regression surface. The SEE is expressed as a percentage of the estimated value. It has traditionally been used for comparing the relative accuracy of the equations, although it is less useful for GLS regressions.
The standard error of prediction (SEP) is an estimate of the accuracy of the result of applying a regression equation to a set of independent variables. It accounts for the regression error and the uncertainty of the coefficients of the independent variables. It varies from site to site because it is a function of the basin characteristics at a site. Hardison (1971) presented an equation that defines the equivalent years of record (EY) represented by the regression equation. The EY is the ratio of the mean variance of the logarithms of the annual peak to the mean square error of prediction, multiplied by a factor dependent on the recurrence interval. It is an estimate of the number of years of record that would be needed at a site to compute a peak flow at that recurrence interval with the same confidence interval.
The 90 percent confidence interval is another measure of the uncertainty of the predicted value. It is the estimated value multiplied or divided by a factor that is dependent on the mean SEP and the critical value of the t-distribution for a particular model. The information necessary to compute prediction intervals are in the file predict.dat on the disk included with this report.
The accuracy of the estimating equation is limited by the variance and bias of the input data. Variance is a measure of the random variation about the true value, and bias is the consistent deviation of the value from the true value.
The accuracy of the regression estimate is affected by errors in the independent variables. Errors in quantifying the drainage-basin characteristics result from an inability to completely describe the effect of those characteristics. For example, the effects of wetlands and lakes depend on their size and location in the basin and in the stream channels, but the independent variable storage is simply expressed as a percentage of total drainage area without regard to size or location.
Bias of an estimate can result from systematic errors in the computation of the dependent variable. Bias in the computation of the dependent variable is probably the result of collecting peakflow data over a period of time that does not reflect the long-term population of peak flows. Most short-term records at streamflow gaging stations used in this analysis were from the 1960-85 and current (through 1995) periods. The derived peakflow statistics reflect those periods, which may not be representative of the long-term conditions.
The accuracy of an estimate made using the techniques presented in this report can also be affected by the user. Each user will make certain decisions based on his or her best judgement about the actual outline of the drainage basin, the path of the main channel, interpolation of generalized runoff, and the source of lake and wetland data. These individual sources of error can be reduced by use of shared computer data sets that are updated as improved information becomes available and the use of geographic information systems that provide consistent results.
The accuracy of peak-flow estimates made at sites immediately downstream of a lake or ponding area where the storage capacity could substantially alter peak-flow characteristics can be improved by a routing adjustment. In such places, the frequency relations could be used as an aid in developing a hydrograph of the inflow and then a simulation of that flow can be routed through the lake to determine the peak of the outflow.
The values of the independent variables used in this analysis were all computed from consistent data sets using a GIS or spatial interpolation software. It is expected that careful analysis using 7 1/2-minute USGS topographic maps should provide accurate estimates of drainage area, mainchannel slope, percent storage, and percent lake. Interpolation of generalized runoff from figure 2 can be improved by using runoff data from table 2 in conjunction with data for nearby streamflow gaging stations.
Multi-collinearity among the independent variables can have adverse effects on the accuracy of coefficients of those variables in the regression equation (Helsel and Hirsch, 1992) . Freund and Minton (1979) indicated that predictions from regressions where the independent variables exhibit multi-collinearity are reliable where the correlation structure of the predicted site is similar to that of the data used to construct the regression equation. This condition likely is true for any site in Minnesota using any of the techniques for predicting peak flow described herein.
Collinearity can be intrinsic in the data, such as the relation between main-channel slope and drainage area, or introduced in the computation of variables, such as percent storage and percent lake. The correlation (a measure of collinearity) between slope and drainage area is about -.85 for regions in Minnesota. The correlation between percent storage and percent lake is less than 0.6 for regions in Minnesota. A measure of multi-collinearity is the variance inflation factor (VIF). Helsel and Hirsch (1992) stated that VIFs of less than 10 were not a concern in multiple linear regression analyses. The VIF for each independent variable in each regional regression equation in this study was less than 8.
Peak-flow-frequency equations presented in this report can be used to estimate the peak flows of several recurrence intervals on most small streams in Minnesota. The applicability and accuracy of these relations depend partly on whether the basin characteristics of the site are within the range of the characteristics used to define the peak-flow equations. The range in sampled basin characteristics is large enough to allow the application of the equations at most sites where streamflow is not affected by regulation, diversion, or urbanization. The upper and lower value and geometric mean for each basin characteristic for each region are listed in table 5. The geometric mean is included because it best represents the mean of the data. Where runoff is included as an independent variable, the range of those data is sufficient to ensure that any value in that region is within the range. The program will issue a warning message if the predicted peak flow is an extrapolation beyond the data on which the prediction is based
SUMMARY
This report (1) documents the analytical techniques used for annual series peak-flowfrequency computations, basin characterization, regionalization, and development of equations for estimating peak flows on small drainage basins; (2) presents peak-flow data and basin characteristics at streamflow gaging stations; and (3) discusses techniques for estimating peak flow at ungaged sites on small, unregulated streams in Minnesota.
Two statistically derived techniques, regional regression equation and region of influence regression, for estimating peak flow on small, ungaged streams in Minnesota were developed. Both of the techniques relate physical and climatic characteristics to peak flows for 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals. Regional regression equations were developed for each recurrence interval in each of the six regions in Minnesota. The region of influence regression technique dynamically selects stations with characteristics similar to site of interest. Two methods of selecting streamflow gaging stations, similarity and proximity, can be used in the region of influence regression technique. Thus, the region of influence regression technique allows use of a potentially unique set of stations for estimating peak flow at each site of interest.
The regional regression equation technique is preferable as a first estimate of peak flow in regions C, E, and F. The similarity method of the region of influence regression technique is preferable as a first estimate in regions A and D. The proximity method should be used as a first estimate in region B.
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Site number (figure 1)   162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177  178  179  180  181  182  183  184  185  186  187  188  189  190 191 Station  number  05284920  05287890  05289500  05290000  05291000  05293000  05294000  05299100  05300000  05301200  05302500  05302970  05303450  05304000  05304500  05305000  05305200  05311200  05311250  05311300  05311400  05313500  05313800  05314500  05314900  05315000  05315200  05316500  05316550  05316570 Peak flow at specified recurrence intervals, in ft3/s Site number (figure 1)   192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216  217  218  219  220  221 222 Station  number  05316690  05316700  05316800  05316850  05316900  05316920  05316950  05317000  05317200  05317845  05317850  05318000  05318100  05318300  05318897  05319490  05319500  05320000  05320200  05320300  05320400  05320440  05320480  05320500  05325100  05326100  05327000  05330150  05330200  05330300  05330550 Peak flow at specified recurrence intervals, in ft3/s Site number (figure 1)   223  224  225  226  227  228  229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252 253 Station  number  05330600  05330800  05330900  05335170  05336200  05336300  05336550  05336600  05336700  05338200  05338500  05339747  05340000  05345000  05345900  05348550  05352700  05352800  05353800  05355024  05355100  05355150  05355200  05355230  05372800  05372930  05372950  05372990  05373080  05373350  05373700 Peak flow at specified recurrence intervals, in ft /s Site number (figure 1)   254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283 284 This program computes estimates of 2-, 5-, 10-, 25-, 50-, and 100-year peak flows for ungaged sites in Minnesota based on either a Regional Regression Equation ( 
